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Puttest Duvet 


Apples that are inspected for condition by marketing specialists 
of the Agricultural Marketing Service are rated as to ripeness in 
accordance with definitions given in the United States Standards 
for Apples.? In this publication there are defined four stages of 
ripeness through which an apple passes after it has become mature 
and before it becomes overripe. These are as follows: 


(a) “Hard” means apples with tenacious flesh and starchy flavor. Apples at 
this stage are Suitable for storage and long-distance shipment. 

(b) “Firm” means apples with tenacious flesh but becoming crisp with a 
slight starchy flavor, except the Delicious variety. Apples at this stage are 
also Suitable for storage and long-distance shipment. 

(c) “Firm ripe” means with crisp flesh except that in apples of the Gano, 
Ben Davis, and Rome Beauty varieties the flesh may be slightly mealy. Apples 
at this stage may be shipped long distances but should be moved into consump- 
tion within a short period of time. 

(d) “Ripe” means mealy and soon to become soft for the variety. Apples 
at this stage should be moved immediately into consumption. 

2. “Overripe” means dead ripe, very mealy or soft, past commercial utility. 


1 Acknowledgment is made to M. E. Smith, R. lL. Spangler, and others of the Agricultural 
Marketing Service, who rated many of the lots of apples for stage of ripeness. 

2 UNITED STATES BUREAU OF AGRICULTURAL HCONOMICS. UNITED STATES STANDARDS FOR 
APPLES. U.S. Bur. Agr. Econ. Serv. and Regulat. Announce. 154, 8 pp. 1987. 
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As will be seen from these definitions, the stage of ripeness of the 
fruit is based primarily on firmness, although flavor is also consid- 
ered, and the terms are presumed to indicate the potential life of 
the apples. In these definitions the distinctions between the 
stages are not very sharp; for example, the main distinction between 
“hard” and “firm” is that in the firm apples the flesh is “tenacious but 
becoming crisp” instead of “tenacious,” and the flavor is “slightly 
starchy” instead of “starchy.” Inspectors may differ in their opin- 
ions as to whether the tenacious flesh of a lot of apples is becoming 
crisp and whether the flavor is starchy or only slightly so. Thus, 
the ripeness rating may depend considerably on personal judgment. 
Likewise, a lot of apples may have a tenacious flesh and would rate 
“hard” according to firmness but be entirely lacking in starchiness 
and would rate “firm ripe” according to flavor. Such a lot would not 
comply with any of the definitions and might be rated “hard” or “firm 
ripe,’ depending on whether the inspector gave primary considera- 
tion to firmness or to flavor. 

Because of the possibilities of errors in designating ripeness, due 
to the inexactness of the definitions and the personal equation, it is 
extremely desirable to establish some more definite means of deter- 
mining ripeness, regardless of the month or the season of the year 
and the conditions under which the fruit was grown. The object of 
this investigation was to ascertain whether the firmness as determined 
by pressure test could be used for this purpose. 

The definitions for the degrees of ripeness to some extent indicate 
the changes that occur in the apples during ripening. One of the 
principal changes is the softening of the fruit from the tough or 
tenacious condition of the hard stage through the crisp, juicy condi- 
tion of the firm-ripe stage to the mealy and dry condition associated 
with the ripe and overripe stages. This softening of apples after hai- 
vest has been found by Haller * and others to be associated with hy- 
drolysis of the insoluble protopectin to a soluble pectin. The proto- 
pectin cements the cell walls together, and its conversion to a soluble 
form results in softening of the fruit as the cells become more easily 
broken apart and ruptured. 

The hydrolysis of starch to sugar is another important change that 
occurs during ripening of apples. Thus, the starchy taste of “hard” 
fruit is lost with a corresponding increase in sweetness. However. 
the amount of starch present may vary greatly, depending on the 
variety and growing conditions. During ripening there is generally 
a decrease in acidity with a corresponding loss of sourness. Acidity 
also may vary greatly with variety and growing conditions, conse- 
quently the sweetness or lack of sourness may not indicate the degree 
of ripeness. Other important changes may occur in the aroma, en- 
zymes, and other minor constituents of the apple during ripening, 
but relatively little is known concerning these factors. 

As apples develop on the tree they reach a point at which they are 
considered mature. At this point they have accumulated sufficient 
reserves or developed certain characteristics so that they will become 
mellow and have normal flavor for the variety after being removed 
from the tree. As used in this circular the terms “maturity” and 


3 HALLER, M. H. CHANGES IN THE PECTIC CONSTITUENTS OF APPLES IN RELATION TO SOFTEN- 
ING. Jour. Agr. Res. 39: 739-746, illus. 1929. 
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“maturing” refer to those changes that take place in the fruit on the 
tree that would influence the quality of the fruit after harvest. The 
terms “ripeness” and “ripening” refer to those changes that take 
place in the fruit that make it suitable for eating. Changes in the 
fruit after harvest would be ripening changes, but such changes may 
also occur while the fruit is still on the tree and may accompany or 
follow the maturity changes. ; 

When apples first reach a stage of development at which they are 
considered mature they are generally in an unripe stage and are 
“hard,” green in ground color, and unsuitable for eating. If they are 
permitted to remain on the tree, further maturity changes may take 
place, so that the fruit would develop higher flavor and better texture 
than if picked at the earlier stage and ripened. Ripening changes also 
take place during this time on the tree and the fruit will have become 
softer and less starchy and will approach a “firm ripe” condition in 
which it may be suitable for eating. 

When the apples remain on the tree a sufficient length of time they 
will become “ripe” and suitable for eating immediately, but would be 
“overmature” for storage purposes as they would quickly become 
mealy and flat in flavor owing to loss of acidity and aroma. The 
storage and dessert qualities would be inferior to apples picked at 
optimum maturity and then ripened. It would be possible under this 
usage of the terms “maturity” and “ripeness” to have “immature” 
apples that would ripen, since apples picked before they are mature 
might eventually acquire a yellow skin and fairly mellow texture, and 
the starch might be hydrolyzed to sugar. This fruit might shrivel 
and would lack the characteristic flavor and texture of the variety. 

In making an inspection, the firmness of a lot of apples is gen- 
erally estimated by the pressure of the thumb, by the way the flesh 
cuts or breaks, and by chewing. It is possible to determine the 
firmness of the flesh rather accurately by means of the pressure 
tester described by Magness and Taylor.* Magness et al.° and others 
have followed the softening of apples both on the tree and during 
ripening in storage at various temperatures. They have found that 
while the fruit was maturing on the tree there was generally a 
gradual softening as it became more mature and that particularly 
in storage the rate of softening was closely correlated with ripening. 
As the ratings for ripeness are based largely on firmness it would 
seem desirable to determine the firmness by means of the pressure 
tester and if possible to convert the pressure-test readings into such 
inspection terms as “hard,” “firm,” ete. In order to do this it would 
be necessary to determine for each variety the range of pressure 
tests representative of each stage of ripeness. 

The purpose of the investigations reported in this circular was to 
determine these ranges for a number of commercially important 
varieties of apples grown in the Shenandoah-Cumberland Valley. 
It may be that somewhat different relationships between firmness 
and ripeness would be found in apples grown under distinctly dif- 
ferent climatic or cultural conditions. Also, the apples used in these 
investigations were ripened at both high and low temperatures and 

4 MAGNESS, J. R., and TAYLOR, GEORGE F, AN IMPROVED TYPE OF PRESSURP TESTER FOR THE 
DETERMINATION OF FRUIT MATURITY. U.S. Dept. Agr. Dept. Cir. 350, 8 pp., illus. 1925. 

° MaGnESS, J. R., DIEHL, H. C., HALLER, M. H., GRAHAM, W. S., Carrick, D. B., HOWLETT, 


FE. S., MARSHALL, R. E., PLAGGE, H. H., and RALEIGH, G. J. THE RIPENING, STORAGE, AND 
HANDLING OF APPLES. U. S. Dept. Agr. Bul. 1406, 64 pp., illus. 926. 
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at fairly high humidities. It is possible that under low humidities 
somewhat different relationships between firmness and ripeness might 
be obtained. 


MATERIALS AND METHODS 


One to three pickings of 16 varieties of apples were made during 
three seasons (1935-387). The fruit was obtained from commercial 
orchards convenient to the cold storage laboratory on the Arlington 
Experiment Farm, Arlington, Va., where the fruit was stored. The 
varieties used. and the source of the fruit are given in table 1. 

The apples were placed in storage at 32°, 36°, and 70° F., on the 
same day that they were picked. ‘The firmness of the fruit was 
determined by means of a pressure tester at the time of picking and 
at intervals during ripening at the different temperatures. At 70° F. 
the pressure tests were made at weekly intervals or oftener, depend- 
ing on the variety. On apples stored at 32° and 36° F. the deter- 
minations were made at intervals of 1 to 3 months, at which time 
lots were placed at 70° F. and the firmness was determined again 
after a week of ripening at this temperature. Each sample for 
pressure testing consisted of 20 apples, and 3 tests were made on 
the pared cheek of each apple, with a plunger seven-sixteenths of 
an inch in diameter and having a penetration of five-sixteenths of 
an inch. At the time of the pressure-test determinations the lots 
were sampled in the customary manner and their ripeness was 
expressed in the usual terms of “hard,” “firm,” etc. This was done 
by one of the writers and, in addition, many lots were checked by 
one or more of the marketing specialists of the Agricultural Marketing 
Service. The ratings given by the writers generally agreed fairly 
well with those given by the marketing specialists. 


TaBLE 1.—Varieties and source of apples tested, 1935-37 


Source of apples in— 
Variety 


1935 

| 

Arkansas (Black | Chilcott Bros., Vienna, 
Twig). Va. 

Watson Orchard, Vienna, 


1936 


Chileott Bros., 
Va 


Vienna, 


Bene Davisse ee Miatson Orchard, Vienna, 
Va. Ja. 

Bonu se eee Taylor Orchard, Falls | Freezeland Orchard, Lin- 
Church, Va. den, Va. 

IDeliciouss{ee= see Chilcott Bros., Vienna, | Chilcott Bros., Vienna, 
Va. Va. 

Golden Delicious___|____- (6 Kye, IE ee a Seek ad (6 Ko ape = Fs, Sea a 


Grimes Golden__--_-_- Hillcrest Orchard, Fred- 


Hiilerest Orchard, Fred- 


erick, Md. erick, Md. 

AORN MAM. Ble GO2 egos ae ee oe ea ee Gas Si) Bale at ae 

Oldenburg (Duch- |_____ (6 (0) ea eae ne oe eke Leeland Orchard, Lees- 

ess). hurg, Va. 

Rome Beauty______- .Chilecott Bros., Vienna, Chilcott Bros., Vienna, 
Va. Ja. 

Stayman Winesap__|____- GORA PACA SOT MA 2 OE Se Ee 2: 2.5. Mont Ee 

Wieallthyee ee | ee (OKO Nexo > 5 pam Stn pero |) Ceri GOS4e 2) | Shee bea 

Will iaris a eee Hillerest Orchard, Fred- | Loudoun Orchard, Lees- 
erick, Ma. burg, Va. 

IWiineSsap weno sss" Crile Bros., Vienna, | Chilcott Bros., Vienna, 
7a. J 


Yellow Newtown 
(Albemarle Pip- 


| Warrenton Orchard Co., 
Warrenton, Va. 

pilD). | 

Yellow Transparent_| Hillcrest Orchard, Fred- 
erick, Md. 


York Imperial___-_-- eres Bros., Vienna, 
Ta. 


Warrenton Orchard Co., 
Warrenton, Va. 


Hillerest Orchard, Fred- 
erick, Md. 

Watson Orchard, Vienna, 
Va. 


1937 


Chilcott Bros., Vienna, Va. 


Freezeland Orchard, Lin- 
den, Va. 
Chilcott Bros., Vienna, Va. 


Do. 
Hillerest Orchard, Fred- 
erick, Md 

Do 


Do. 
Do. 
Chilcott Bros., Vienna, Va. 


Loudoun Orchard, Lees- 
burg, Va. 


Chilcott Bros., Vienna, Va. 


Warrenton Orchard Co., 
Warrenton, Va. 


Hillerest Orchard, Fred- 
erick, Md. 

Tonoloway Orchard, Han- 
cock, Md. 
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PRESENTATION OF RESULTS 


The softening of each of the different varieties for the three seasons 
and at the different temperatures is presented in figures 1 to 16. The 
letters on or near the various points on the curves indicate the ratings 
for ripeness given the lots. The letters stand for the different terms 
used, as H for hard, F for firm, FR for firm ripe, R for ripe, and OR 
for overripe. Designations such as F—FR indicate that about half 
of the apples were considered firm and the remainder firm ripe or 
that one person considered them to be firm and another considered 
them firm ripe or that the fruit was borderline in ripeness and not 
distinctly either firm or firm ripe. A designation such as FR-(R) 
indicates a rating of firm ripe to ripe, mostly firm ripe. 

At the right-hand side of each chart is indicated the range of firm- 
ness that was considered to represent the different stages of ripeness 
on the basis of these results. It will be noted that the range for the 
hard stage in each chart extends above the highest point on the curves 
of the chart and that the range for the ripe stage extends below the 
lowest point on the curves. The actual designations of ripeness are 
not given on the charts when these designations comply exactly with 
the range given at the right. 

The object of the curves is to indicate the extent to which the 
different determinations for a given degree of ripeness fall within 
a given range of pressure test regardless of season, maturity of pick- 
ing, and temperature of ripening. For this purpose it is not neces- 
sary to follow closely each curve but rather to note how consistently 
the points on the different curves for a given degree of ripeness fall 
within the range of pressure-test results indicated for that degree 
of ripeness at the right of each chart. 

In this connection it should be noted that each point on the curves 
represents an average of 3 pressure determinations on each of 20 
apples. The standard error for such averages has been found to be 
generally between +0.1 to +0.3 pound. For the purpose of these 
investigations, however, the entire range of pressure tests represented 
by a given average is of interest. For example, if a lot designated 
hard had an average pressure test of 20 pounds but ranged from 
18 to 22 pounds, it would be considered that for this variety apples 
testing 18 to 22 pounds might be classed as hard—not just those 
testing 20 pounds. If the highest average point on the curves were 
20 pounds, then the range for hard shown at the right of the chart 
might extend to 22 pounds. Similarly, the range for ripe might 
extend below the lowest point on the curves. In estimating the range 
to represent each stage of ripeness (as given at the right of each chart) 
the range of pressure tests in each lot was considered rather than 
the average. In general, the apples tested in a given lot ranged from 
1 to 3 pounds above and below the averages. 

It will be noted that no ripeness designations have been given for 
many of the points on the charts. In order to simplify the charts 
these designations have been omitted from those points at which the 
designation falls in the zone given at the right as representative of 
that degree of ripeness. For example, in figure 1 the hard zone 
(without overlapping) extends from 25 to 19 pounds, and the 
designations are omitted from all points within this zone that were 
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considered hard (H) by the usual methods (tasting, etc.) of deter- 
mining ripeness. The hard and firm zones overlap between 19 and 
18 pounds, and ripeness designations of hard to firm (H-F) are 
omitted in this zone. It should be pointed out that even though a 
ripeness designation falls outside the zone given at the right, as 
representative of that degree of ripeness, 1t does not necessarily fail 
to conform to those zones. For example, a sample that averaged 19.2 
pounds would fall in the hard zone of figure 1, yet individual apples 
in such a sample might test as low as 17.5 pounds and thus fall in 
the firm zone. To conform to the representative zones at the right, 
therefore, the sample should be designated hard to firm, mostly hard. 
However, such a designation would not be omitted from the chart, 
as the average point falls in the hard zone. Many such instances 
occur near the borderline zones in all of the charts. 

On the other hand, certain designations are distinctly out of line 
with the range or zone of pressure test given at the right of each 
chart as representative of each degree of ripeness. Such extreme 
ratings were considered to be due to errors in judgment, of estimat- 
ing ripeness by the usual methods, and the zones were established on 
the basis of the more consistent results for the three seasons. 


Arkansas (Biack Twic) 


Results for the Arkansas variety are shown in figure 1. The 
average pressure test at harvest ranged from 28 pounds for the 
first picking in 1936 to 19.1 in 1937. All lots were designated hard 
when picked. With this variety, lots testing 19 to 25 pounds were 
considered hard or mostly hard. One lot (second picking, 1936, after 
1 week at 70° F.) was rated F-(FR) although still testing 19.7 
pounds. This low rating was probably an error in judgment. Lots 
testing between 18 and 19 pounds were generally rated between 
hard and firm, and only one lot testing less than 18 pounds was 
considered to e hard. Thus, the distinction between hard and firm 
was fairly sharp. There appears to be considerable overlapping, 
however, between the firm and firm-ripe stages, as one lot testing less 
than 15 pounds was rated firm whereas another lot testing nearly 17 
pounds was rated firm ripe to ripe. Some of this overlapping may 
have been due to difficulty in distinguishing between firm and firm- 
ripe apples in this rather firm variety. It was also apparent that 
the firmness was not an accurate criterion in the riper stages, for at 
70° the fruit softened rapidly to about 14 pounds after which very 
little softening took place and in some instances the fruit increased 
in firmness. When the fruit first reached about 14 pounds’ test it 
was generally crisp and juicy and rated firm ripe. The fruit con- 
tinued to ripen and became dry and mealy and was considered ripe 
with very little or no further softening indicated by the pressure 
tester. Break-down developed in some of the fruit while it still 
tested 13 to 14 pounds. Thus, the apples may be overripe even 
though the pressure test reading remains fairly high. 


Ben Davis 


Softening and ripening of Ben Davis apples for two seasons are 
shown in figure 2. The pressure tests at harvest averaged from 
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Figure 1.—Firmness (pressure test) of Arkansas (Black Twig) apples in rela- 
tion to stage of ripeness during ripening at various temperatures. The letters 
on the chart indicate the degree of ripeness as explained on page 5. The 
range of firmness or zone representative of each degree of ripeness is given 
at the right. The letters are omitted from those points at which the desig- 
nations fall within the corresponding zone at the right, as explained on 
pages 5 and 6. 
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FIGURE 2.—Firmness (pressure test) of Ben Davis apples in relation to stage of 
ripeness during ripening at various temperatures. ‘The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of firm- 
ness or zone representative of each degree of ripeness is given at the right. 
The letters are omitted from those points at which the designations fall 
within the corresponding zone at the right, as explained on pages 5 and 6. 
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shghtly above 21 to somewhat less than 19 pounds with individual 
apples testing as high as 24. Although the second picking in 1936 
was rated firm it seems likely that it should have been rated hard, 
as it was suitable for long storage and was rated hard to firm after 
storage at 32° F. for 14% months. Ben Davis apples testing 17.5 to 
18 pounds or above were generally considered hard. Firm apples 
ranged from ahont 18 to 14.5 pounds and firm-ripe apples from 
15 to 12. The distinction between firm- -ripe and ripe apples was 
not sharp, as there was a tendency for the pressure-test curves to 
flatten out around 12 to 13 pounds. As the fruit first reached this 
firmness it was generally considered firm ripe or firm ripe to ripe. 
Subsequently it became ripe without much further softenmg. Some 
overripe fruit was present in lots testing as much as 12 pounds. 


BONUM — 


In 1935 the Bonum appies were cbtained from an orchard at low 
altitude near Falls Church, Va., whereas in 1936 and 1937 they were 
obtained from an orchard at relatively high altitude near Linden, 
Va. As shown in figure 3, the apples were much softer in 1935, 
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FicurE 3.—Firmness (pressure test) of Bonum apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of firm- 
ness or zone representative of each degree of ripeness is given at the right. 
The letters are omitted from those points at which the designations fall within 
the corresponding zone at the right, as explained on pages 5 and 6. 
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although pickings were made as early or earlier in 1935 than in 1936 
and 1937. The initial rate of softening at 70° F’. was approximately 
the same in all seasons. At the lower temperatures the initial soft- 
ening was more rapid in the firmer fruit of 1986 and 1987. Some of 
the apples in the first pickings of 1936 and 1937 tested in excess of 
30 pounds, which was the highest point that the pressure tester reg- 
istered. These apples, although not fully mature, ripened without 
excessive wilting and with fair dessert quality and were not. consid- 
ered immature. The range of firmness for hard Bonum apples was 
found to extend from about 30 pounds or more to 18.5 pounds. As 
it ripened the flesh of this variety tended to develop a somewhat 
mealy or cheesy consistency that made it somewhat difficult to classify 
as to degree of ripeness. The firm stage appears to be included in a 
pressure test range of 19.5 to 15.5 pounds, the firm-ripe stage from 
16.5 to 12, and the ripe stage from 13 to 8. As in the case of Rome 
Beauty, this variety showed some mealiness in what was considered 
a firm-ripe stage. 

DELICIOUS 


The Delicious apples were considerably softer at harvest in 1986 
than in 1935 or 19387 (fig. 4). They averaged only 15.5 pounds pres- 
sure test in 1936 and were considered firm to firm-ripe. In general, 
Delicious apples were classed as hard when they tested 16.5 pounds 
or more, with individual apples testing as high as 20. The firm 
range extended from 17.5 to 14 pounds, the firm-ripe stage from 
15 to 11, and the ripe stage from 12 to 8. Generally, there was 
continuous softening during the periods the apples were held. 
Exceptions to this were the pickings of 1935 when held at 70°. 
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FIGURE 4.—Firmness (pressure test) of Delicious apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of firmness 
or zone representative of each degree of ripeness is given at the right. The 
letters are omitted from those points at which the designations fall within 
the corresponding zone at the right, as explained on pages 5 and 6. 
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Figure 4 shows that the first picking softened to between 12 and 11 
pounds and remained in this range for about 45 days; after 2 months 
at 70° this lot tested nearly 12 pounds and apparently was character- 
istic of firm-ripe fruit although a month earlier it was classed as ripe. 
The second picking of 1935 became about a pound softer than the 
first, but remained above 11 pounds for about 45 days and tested 
over 12 at the end when it was considered overripe. 


GoLDEN DEZLIcIouUsS 


The softening of the Golden Delicious lots is shown in figure 5. 
In 1935 the apples remained firmer during storage at 32° and 36° F. 
than in the 1936 and 1937 seasons. At these temperatures the 1985 
apples tested 11.5 to 12.5 pounds by the middle of April, whereas in 
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Fieurm 5.—Firmness ‘sressure test) of Golden Delicious apples in relation to 
stage of ripeness uuring ripening at various temperatures. The letters on 
the chart indicate the degree of ripeness, as explained on page 5. ‘The 
range of firmness or zone representative of each degree of ripeness is 
given at the right. The letters are omitted from those points at which the 
designations fall within the corresponding zone at the right, as explained on 
pages 5 and 6. 


the 1936 and 1987 seasons the apples generally tested between 9 
and 10 pounds by the middle of February. At 70° there was a 
tendency for the fruit to soften rapidly at first to a point at which 
little or no further softening occurred, and some of the fruit increased 
in firmness. This point varied with different lots and was not cor- 
related with the firmness at harvest or time of picking. The fruit 
picked in 1935 was considerably firmer at harvest than the other lots, 
yet it softened to 9.0 to 10.0 pounds, whereas the second picking in 
1935 did not soften to less than 11, although it was nearly 2.5 
pounds softer at harvest. In contrast to this the first picking of 
1936 softened to only slightly less than 13 pounds, whereas the second 
picking softened to about 10. The lots that remained relatively 
firm at 70° were generally considered less ripe than those that became 
softer. With this variety there was less overlapping of the pressure- 
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test ranges for each stage of ripeness than with many others. Hard 
apples generally tested at least 16 pounds, with individual apples 
testing as much as 20. Firm apples ranged from 16.5 to 13 pounds; 
firm ripe from 14 to 11; and ripe from 11.5 to 8. Although 
many lots were held at 70° for as much as 2 months, in very few 
lots were the apples considered overripe. One lot testing slightly 
over 11 pounds was considered mostly overripe. 


GRIMES GOLDEN 


As shown in figure 6, the firmness of the Grimes Golden apples 
at harvest varied considerably in the three seasons, being firmest in 
1936 and least firm in 1935. In some instances the apples on the tree 
became firmer during the harvest season, as was the case in 1935. 
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Figure 6.—Firmness (pressure test) of Grimes Golden apples in relation to stage 
of ripeness during ripening at various temperatures. The letters on the 
chart indicate the degree of ripeness, aS explained on page 5. The range of 
firmness or zone representative of each degree of ripeness is given at the 
right. The letters are omitted from those points at which the designations 
fall within the corresponding zone at the right, as explained on pages 5 and 6. 


The initial rates of softening at 32° and 36° F. were more rapid in 
the firmer lots of 1936 and 1987 than in 1935. In general, however, 
the softening after harvest was rather uniform. At 70° the soften- 
ing was rapid until about 13 pounds test was reached, after which 
there was a flattening out of the curves and none of the lots softened 
to less than 11 pounds after as much as 7 weeks at this temperature. 
The apples were generally considered firm ripe as they approached 
13 pounds but continued to ripen and reached the ripe stage with 
little further softening. Apples of this variety testing 18 pounds 
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or above were rated hard, with individual apples testing as much 

as 27. The firm stage ranged from about 18.5 to 15 pounds, the firm- 
ripe stage from 16 ‘to 12.5 5, and the ripe stage less than 13.5, with 
individual apples testing as low as 9. Overripe apples were observed 
in lots that averaged 12 pounds. 


JONATHAN 


The softening of Jonathan apples is shown in figure 7. This 
variety was considered hard at 16 pounds’ test and above, with some 
apples testing as much as 25. The firm stage ranged from 16.5 to 
13.5 pounds and the firm-ripe stage from 14 ‘to 10.5. As with some 
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FIcURE 7.—Firmness (pressure test) of Jonathan apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of 
firmness or zone representative of each degree of ripeness is given at the 
right. The letters are omitted from those points at which the designations 
fall within the corresponding zone at the right. as explained on pages 5 and 6. 


other varieties, there was a tendency in this variety for the softening 
to slow down after the firm- ripe stage was reached; consequently, the 
apples became ripe with relativ ely “little further softening and this 
resulted in considerable overlapping of the pressure test “represent- 
ing the firm-ripe and ripe stages. The ripe stage ranged from 12 
to 8 pounds. Between 10.5 and 12 pounds the apples might be ee 
either firm ripe or ripe, the rating depending on factors other than 
pressure test. Overripe apples were found in lots testing as much 
as 11 pounds. 


OxupEeNsurG (DucHEss) 


As shown in figure 8, the softening of Oldenburg apples at 70° F. 
was very rapid. ~The apples showed core browning after relatively 
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short holding and were considered overripe although the pressure- 
test reading was fairly high. Oldenburg apples were generally con- 
sidered hard when testing 16 pounds and above, with a few apples 
testing 21.5. The firm stage ranged from 17 to 18 pounds, the 
firm-ripe stage from 14 to 10.5, and the ripe stage from 13 to 7. 
In this variety the upper limit of the ripe stage extends to the lower 
limit of the firm stage and the firm-ripe stage was completely over- 
lapped by the firm and ripe stages. Overripe fruit (with core brown- 
ing) was found in lots testing as much as 12.0 to 13.0 pounds. 
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Ficure 8.—Firmness (pressure test) of Oldenburg (Duchess) apples in relation 
to stage of ripeness during ripening at various temperatures. The letters on 
the chart indicate the degree of ripeness, as explained on page 5. The range 
of firmness or zone representative of each degree of ripeness is given at the 
right. The letters are omitted from those points at which the designations 
fall within the corresponding zone at the right, as explained on pages 5 and 6. 


RomMeE BEAUTY 


Softening of Rome Beauty apples at the different temperatures 
was fairly uniform. At 70° F. there was a tendency for the curves to 
level off at pressure tests of about 14 to 12 pounds. In some instances 
at 70° as well as at the low temperatures the fruit increased in firm- 
ness with further ripening. In this variety the lower limits for hard 
appeared to be about 18 pounds, with some apples testing as high as 
23 when picked. The firm stage ranged from 19 to 15 pounds, the 
firm-ripe stage from 16 to 12.5, and the ripe stage from 13.5 to 9.5. 
Overripe fruit occurred in lots testing over 13 pounds (fig. 9). 
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Figure 9.—Firmness (pressure test) of Rome Beauty apples in relation to stage 


K 


of ripeness during ripening at various temperatures. The letters on the 
chart indicate the degree of ripeness, aS explained on page 5. The range 
of firmness or zone representative of each degree of ripeness iS given at the 
right. The letters are omitted from those points at which designations fall 
within the corresponding zone at the right, as explained on pages 5 and 6. 
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IGURE 10.—Firmness (pressure test) of Stayman Winesap apples in relation 
to stage of ripeness during ripening at various temperatures. The letters 
on the chart indicate the degree of ripeness, aS explained on page 5. The 
range of firmness or zone representative of each degree of ripeness is given 
at the right. The letters are omitted from those points at which the designa- 
tions fall within the corresponding zone at the right, as explained on pages 9 
and 6, 
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STAYMAN WINESAP 


At harvest the Stayman Winesap apples tested around 17 to 18 
pounds, as is shown in figure 10. Hard apples of this variety tested 
at least 16 pounds and as much as 21. This variety appeared to 
pass from a hard stage almost directly to firm ripe, as practically no 
lots were rated firm throughout. Apples testing between 16.5 and 
13 pounds should be suitable for long storage and should represent a 
firm stage for Stayman Winesap. Firm ripe ranged from 14 to 11 
pounds and ripe from 12 to7. At 70° F. some lots softened to as low 
as 8 pounds average, whereas others failed to soften below 10 and 11. 
At the lower temperatures (32° and 36°) practically all lots tested 
between 11 and 12 pounds at the end of the storage period (April 15) 
and showed little or no further softening after 1 week at 70°. 


WEALTHY 


The softening of Wealthy apples during two seasons is shown in 
figure 11. Softening at 70° F. was rather rapid, and with immediate 
ripening at this temperature reached a pressure-test range of 9 to 
8 pounds. At the low temperatures (32° and 36°) the rate of soft- 
ening was not uniform. Some lots softened considerably, whereas 
other lots failed to soften over long periods. Thus, the third picking 
in 1935 was as firm after 4 months at 32° as when stored. Certain 
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FicurEe 11.—Firmness (pressure test) of Wealthy apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of firmness 
or zone representative of each degree of ripeness is given at the right. The 
letters are omitted from those points at which the designations fall within 
the corresponding zone at the right, as explained on pages 5 and 6. 
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lots were therefore considerably riper but no softer at the end of their 
storage period than they were much earlier in their storage life. 
Under these circumstances there is much overlapping of the pressure- 
test ranges for the several degrees of ripeness. In general, hard 
apples tested at least 16 pounds and some of them as much as 20. 
Firm apples ranged from 17 to 13 pounds, firm-ripe from 14 to 10, 
and ripe from 11 to 6. 


WILLIAMS 


\7illiams apples softened very rapidly at 70° F., as is shown in 
figure 12. When the apples were held at low temperatures the initial 
rate of softening was fairly rapid, but with fairly long holding there 
was aN increase in firmness during some periods. However, this 
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Ficurr 12—Firmness (pressure test) of Williams apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, aS explained on page 5. The range of firm- 
ness or zone representative of each degree of ripeness is given at the right. 
The letters are omitted from those points at which the designations fall 
within the corresponding zone at the right, as explained on pages 5 and 6. 


variety is not generally stored for any extended period, if stored at 
all. In this variety there was uneven ripening of the apples in 
the individual lots, and it was not uncommon to find apples repre- 
senting three stages of ripeness within a given lot. Those that were 
considered hard generally tested at least 16 pounds, with some testing 
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as much as 26. The firm range extended from 17 to 12 pounds, al- 
though it seems likely that apples testing as low as 12 to 18 should not 
have been classed as firm. The firm-ripe range appeared to extend 
from 13 to 10 pounds, although it might be desirable to make the 
upper limits 14. Ripe apples tested as much as 12 pounds, which was 
the lower limit of the firm stage. Williams apples became very soft 
and tested as low as 6 pounds while still ripe. Overripe apples were 
found in lots that tested 8 to 9.5 pounds, but such overripe apples were 
generally softer than these averages. 


WINESAP 


Winesap apples softened rather uniformly, as is shown in figure 
13. In this variety about 18 pounds was found to be the lower pres- 
sure limit for hard apples and 27 the upper limit. Firm apples 
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Ficure 13.—Firmness (pressure test) of Winesap apples in relation to stage of 
ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, as explained on page 5. The range of 
firmness or zone representative of each degree of ripeness is given at the 
right. The letters are omitted from those points at which the designations 
fall within the corresponding zone at the right, as explained on pages 5 and 6. 


generally tested between 19 and 15 pounds, firm ripe from 16 to 12.5, 
and ripe from 14 to 9.5. The curves representing softening tended to 
flatten out between 14 and 12 pounds, and in this range the distinction 
between firm ripe and ripe was not always definite. 


YeLLow Newtown (ALBEMARLE Pippin) 


The softening of this variety is shown in figure 14. At 70° F. the 
apples softened rather slowly in comparison with most of the other 
varieties. The softening was rather uniform, however, both at 70° 
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Figure 14.—Firmness (pressure test) of Yellow Newtown (Albemarle Pippin) ap- 
ples in relation to stage of ripeness during ripening at various temperatures. 
The letters on the chart indicate the degree of ripeness, as explained on page 5. 
The range of firmness or zone representative of each degree of ripeness is given 
at the right. The letters are omitted from those points at which the desig- 
nations fall within the corresponding Zone at the right, as explained on pages 
5 and 6. 
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FiIcuRE 15.—Firmness (pressure test) of Yellow Transparent apples in relation 
to stage of ripeness during ripening at various temperatures. The letters on 
the chart indicate the degree of ripeness, as explained on page 5. The range 
of firmness or zone representative of each degree of ripeness is given at the 
right. The letters are omitted from those points at which the designations 
fall within the corresponding zone at the right, as explained on pages 5 and 6. 


EASTERN-GROWN APPLES 19 


and at the low temperatures. In two instances there was an increase 
in firmness with extended holding at 70°. Although the apples were 
generally held at least 2 months at this temperature, they remained 
rather firm and only one lot softened appreciably below a pressure test 
of 14 pounds. At 32° and 36° only the 1935 lots softened to less than 
14 pounds. Pressure tests of 18 pounds to 21.5 pounds were charac- 
teristic of hard apples in these lots, whereas 19 to 15 seemed to cover 
the firm range. Firm-ripe apples tested from 16 to 12 pounds and ripe 
ones from 13 to 10. 


YELLOW TRANSPARENT 


At 70° F. the Yellow Transparent variety softened very rapidly and 
soon became overripe with very little indication of a leveling off in the 
rate of softening. At the low temperatures also the rate of soften- 
ing was fairly rapid. The pressure test of hard apples ranged from 16 
to 22 pounds. Firm apples generally tested between 17 and 18 pounds, 
firm-ripe apples between 14 and 10, and ripe ones from 11 to 6. Over- 
ripe apples were found in lots testing about 10 pounds, but they were 
generally softer than this (fig. 15). 


YorK IMPERIAL 


The softening of the York Imperial apples was not very uniform, 
as may be seen in figure 16. At 70° F. the curves tended to level off 
at pressure tests of 15 to 14 pounds, although two lots softened to 
considerably less than 14 pounds. In several instances the apples 
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FicurE 16.—Firmness (pressure test) of York Imperial apples in relation to stage 
of ripeness during ripening at various temperatures. The letters on the chart 
indicate the degree of ripeness, aS explained on page 5. The range of firm- 
ness or zone representative of each degree of ripeness is given at the right. 
The letters are omitted from those points at which the designations fall within 
the corresponding zone at the right, as explained on pages 5 and 6. 
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increased in firmness during ripening. In general, 18 pounds was 
the lower limit for hard apples and the pressure test extended as 
high as 24on some apples. Firm apples ranged from 19 to 16 pounds, 
firm ripe from 17 to 14, and ripe from 15 to 9. 


DISCUSSION 


As a result of these investigations it seemed possible to designate 
a fairly definite range of pressure tests as representing each degree 
of ripeness for the varieties studied. The pressure-test range for 
each stage of ripeness held true with apples grown under varying 
climatic conditions of 3 different years, at different picking maturi- 
ties, and ripened at either high (70° F.) or low (36° and 32°) temper- 
atures. Although there was an overlapping of the pressure-test 
ranges for the several degrees of ripeness, this does not seem serious 
in most cases and may result in part from inability properly to judge 
the ripeness of some lots. On the other hand, as the fruit approached 
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Figure 17.—Range of pressure tests, representing different stages of ripeness 
in 16 varieties of apples. 


the ripe condition it sometimes failed to continue softening and in 
some Instances increased in firmness, so its pressure test might be 
higher when ripe than when firm ripe. Under such conditions the 
pressure test would be of less value than tasting in determining the 
ripeness of the fruit. The results indicate that the pressure tester 
would be of much value in determining the ripeness of apples, and its 
use wouid greatly reduce differences due to personal judgment. 

These results should be of value to cold-storage operators and to 
fruit handlers in that they make it possible to translate pressure- 
test readings into the more readily understood market terms de- 
scribing ripeness in the case of the 16 varieties studied. These pres- 
sure readings in turn represent, to some extent, the potential life of 
sound fruit of a given variety. 

Figure 17, showing the range of pressure test considered to repre- 
sent the different degrees of ripeness of the 16 varieties studied, is 
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presented for easy reference. The ranges for hard do not necessarily 
indicate the upper limits for this stage of ripeness. Although fairly 
early pickings were generally made, the pressure-test distinction 
between immature apples of a variety and mature hard apples of the 
variety was not determined. Previous work® has shown that the 
pressure test is not entirely reliable for distinguishing between im- 
mature and mature apples. It is possible, therefore, that the range 
for hard may extend higher than indicated. Although the apples 
used in these investigations were considered mature, it is possible 
that under different growing conditions apples testing in the hard 
range of firmness may be immature. 

In using figure 17 with a given lot of apples it 1s necessary to con- 
sider the range of firmness within the lot rather than just the aver- 
age pressure test for the lot. For example, a lot of Ben Davis 
apples might have an average pressure test of 15.2 pounds but with 
extremes of 14 to 16.5. Thus, although the average is in the firm 
range, as shown in figure 17, some of the apples would fall in the 
firm-ripe range and some would be intermediate in ripeness. Such 
a lot would be classed as firm to firm ripe, possibly mostly firm. 

A pressure-test range for overripe apples is not given in figure 17. 
Apples were not generally considered overripe unless they showed 
signs of break-down, and the pressure test would be of little value in 
indicating this, as many apples showed break-down although in the 
upper limits of the ripe stage in firmness. 

Pressure testers sometimes get out of adjustment and may register 
incorrectly. It is important that any tester used to determine ma- 
turity of apples be standardized or checked at intervals to be sure that 
it registers correctly. 

The type of tester having a slide indicator can readily be checked 
by forcing the plunger of the tester against the platform of a platform 
scale until a given weight is registered and checking this against 
the reading on the tester. Theoretically, the weight of the plunger 
rod should be deducted from the scale reading. However, this is not 
done by the manufacturers in the original setting of the instruments 
and is of no practical significance. 


SUMMARY AND CONCLUSIONS 


One to three pickings of 16 varieties of apples were made during 
three seasons (1935-37) and stored at 70°, 36°, and 32° F. The firm- 
ness of the apples was determined by means of a pressure tester at the 
time of picking and at intervals during ripening at the different tem- 
peratures. At the time the firmness was determined the stage of ripe- 
ness (as defined in the United States Apples Standards) was 
estimated. 

As the apples ripened they generally became softer, and it was found 
that each stage of ripeness was represented by a fairly definite range of 
firmness. The pressure-test range for each degree of ripeness varied 
somewhat among the different varieties. It is shown for each variety 
by means of graphs. 

The use of the pressure tester was found to be a valuable supple- 
ery method to determine more accurately the stage of ripeness of 
apples. 


6 MAGNESS, J. R., et al. See footnote 5. 
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